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(57) Abstract 



A pacemaker contra! method aod apparatus for deteimining the presence of atrial ladiyairhythinias ^« «"« ""^^^JTl^ ^ 
compa« ftSV^tefinined tachy valTTte mui intenraJ value is updated based on the presence of far field R waves m PVARP 
mM^ain seqSg criietto. Tte criteria selected aHows the contw* method wA apparatus to reduce or fl'^'T^'^t!^^,^ 
wSuSSae fi3»pjSve lachy detection and subsequent mode switching, while ttm allowfaig for the detection of tachy evens m PVARP, 
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MOPTFICATION OF PACEMAKER TACHY RESPONSE 
BASED ON FFRW SENSING 
Background of the Invention 

In general, this invention rdates to tn^>lantable pulse genmtors used to deliver 
sttmulation to pace a patient's heart and particularly to those which detect atrial 
tachycardia and switch to dther an antitadiy padng mode or another mode (ve. mode 
switdiing) on discovering indications of atrial tadiycardia or atrial tachyarrhythmias. 
'Tachy^ is defined as any situation )?^Aierethm is a patholo^cally high heart This 
invention deals with atrial tad^cardia, but its prindples may be more broadly applied. 
A variable is usually hdd by a pacemaktf defiuung what the length of a 'tad^ 
is and anotho* defines what a normal interval is^ or a ""nonnal intervaT may be defined 
as one that is longer than that defined for tadiy. Generally these definitional time 
period vahies are defined by the mami&cturer, but they can be reprogrammable vahies 
definable by a phyadan if deared. 

In response to sudi incfications (that is» that the rate of the A*A interval is 
shorter than the tadiy interval), a pacemaker may perform in a number of difieroit 
w^ and it is not the purpose oftUs invention to detaS such responses. RathertUs 
invention is designed to prevent or reduce false responses^ which for the msy ority of 
current generation pacing devices will be mode switdiing. 

One method of reqK>n^g to indications of tachycardia generally ignores the 
higihintrinac atrial rates and switches to ventricular padng as described in U.S. Patent 
No. 5,144,949 (Olson). This is a type of mode switching. Other systems use 
ahemative operations m antitachy mode such as that described in U.S. Patent No. 
4,587,970 (HoDey et al.) which uses reverdon pacing to try to disrupt and discontinue 
the tadiycardia. A&irly detailed background on pacemaker technology for mode 
switdiing is found in U.S. Patent No. 4,562,841 (Brockway et al.). 

Mode switching has had various definitions and purposes in the pacemaker or 
pacing and pulse generator art. Examples, beades those mentioned above, include 
U.S. Patent Nos. 5,284,491 (Sutton ^ aL), 4,856,523 (Sholder et al.), and 4,363,325 
(Roline et al.)- These use a sensor rate or some long term or changing atrial rate to 
determine when mode switching is to be done for the particular problems that those 
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patents address. In general they are inventions responsive to problems developed 
because of or during rate adaptive pacing. Mode switdiing can best be described as 
where the pacemaker reverts to a mode that does not track Q.e., does not pace the 
ventricle in synchronization to) the atrial rate. Another way to say this is that in a 
mode switched condition pacing does not synchronize ventricular pacing to intrinsic 
atrial activity. 

Methods and features of mode smtdnng are described in the November 19» 
1994 (Vol. 17, Part n) issue ofPACEmagaane in the artide titled "A New Autom^ 
Switch Algorithm for Supraventricular Tadiycardias** by Levine et al on pp. 1S95-9. 
(Additk)nal articles on automatic mode switdui^ derices were also published in the 
same issue of PACE at pages 1900pen DulkX 1908(Ovsyshcfaer) and 
1913(Provaner). 

Rate adaptive pacers wiuch fcdlow a patienf s physiologic demand have been 
available for some time. A recent example is ilhistrated m U.S. Patent No. 5,271,395 
(WaMstrand et aL). U.S. Patent No. 4,856,524 (Baker, Jr.) uses an AV interval timer 
'instead of an activity sensor (as in U.S. Patent No. 5,052,388 to Sivula et aL) or 
minute ventilation (as in 5,271,395 WaMstrand) to determine the appropriate pacing 
rate. 

When mode switching is used however, the presence of Far Field R*Waves 
(FFRWs) may cause false positive in^cators. (A FFRW is a ventricular dq>olarization 
that is sensed in the atrium.) This problem of inappropriate tachy detection is 
specifically addressed by this invention. 

Pacemaker technology has been around for some 30 years. The technology for 
implanting such hermetically sealed electrical pulse generators (usually with batteries 
for power) responsive to a patient's pacing needs are well known in many aspects and 
those will not be described with particularity here. Instead, the reader should refer to 
descriptions available in the art dted in tins application and other readily available 
literature. 

In responding to the problem of FFRW sensing cau^g mode switching, the 
implantable pulse generator (IPG or pacemaker) had in the past generally been pacing 
at or near the programmed lower rate before, during, and after the erroneous indicator 
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caused a pacemaker response. Conmwrfy^ 

switdi episode and diirii« sue* episodes,^ Tbescepisode 
duradons were generally short Oess than one mi^ The AP- VP-AR and AP-AR- 
VS tuning sequences (where the AP-AR farterval is short relative to the size of the long 
intwal AR- AP) sustained over nmkiple pacing cycles were generally fdt responsible 
for felse poative tadiy detection and thus cauang these mode switch episodes. 
(Defimttons: AP===atrial pace. V==ventricular event, AR==atrial refi^ 
Because a pacemaker senses these events through intracanfiac dectrical lead(sX to 
thought that these pattern can be the resuh offer fiddR-wavcsenai^ Testresults 
using marker diannd information (as described in U.S. Patent No. 4,374.382 issued to 
Markowitz et al.) are available in output strip charts. 

Our algorithms employ a timing variable i^*ich for convenience nmy be caBed 
the mean atrial interval (or MAI or Average Atrial Interval AAI) and represents what 
the paring device or "pacemaker^ considers the tnie atrial inters OurAAIisalso 
designed to converge on the shortest A- A interval (when loi«-8hort interval patterns 
'are occurring). In certam situations tMsAAWMAI algorithm can converge on the 
short AP-AR interval (described above) and thus identify such sequences as atrial 
tachycardia even in the absence ©factual atrial tachycardia. This inventiorfs algorithms 
can apply to any pacemaker that has fidse detection of tachycardia or atrial flutter, but 
one preferred embodiment is found in its application to the MAI in the Thera (TM) 
Medtromc pacemaker. 

Other adjustments can also be made in the modem pacemaker which are 
described in reference to akanate preferred en*odiments herein. 

Tt^^f p^^HJiption of the Drawings 

Fig. I is a marker channd diagram providing an example of a timing scenario 

which can cause felse positive tachy detection and mode switching. 

Fig. 2 is a block diagram of an Implantable Pulse Generator (IPG or 
pacemaker) as may be used by this invention. 

Figs, 3 and 4 are enhanced marker duumd diagrams. 

Fig 5 is a hwiristic chart of timing sequences used to establish terminology. 

Figs. 6a and fib are paired marker channel and surfece £CG diagrams. 
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Figs. 7-10 are flow charts of algorithmic processes taught by tUs inventioa 

Figs 1 1 and 12 are marker channel diagrams. 
Summaiv of the Invention 

Ahemate methods are described to prevent &lse positive responses to non- 
existent atrial tadiycardia or flutter. Anobjeaofthismventionisthustoavoid 
potential indicators of tacfay detection from causmg inappropriate pacemaker responses 

However, any corrective algorithmic process which is used to avoid false 
positive tachy detection that ignores AS events risks missing indications of true 
tachyarrhythnuas. Therefore this invention teaches oprntions to avoid tUs difBcuhy 
by seoang and using only sdectedFFRW events based on screening crit^^ Also^m 
the evem a mode-switch due to a tadv indication has oocuned, ly altowing tte 
paceniaker to sense FI^W events^ situations where the pacemaker could 
return from a mode-switched condition can now be avdded. 

An hnplantable cartfiac pulse generator adapted to deliver dectrical pulses 
useable for padi^ to the atrium and havuig means adapted to soise cardiac ev^ 
' the allium and wMch maintains a variable vahie for a true atrial interval and which 
compares said true atrial interval value against a predetermined tacfay interval value to 
determine whether dtere is occurring (m a human heart to ^uch it may be attached via 
a lead to said atrium) a conditicm of atrial tachyarrhythmia and fiirther conq>rising: 

means for sen»ng FFRWs as atrial events, 

means for determining (A) whether a third atrial event is a paced or refractory 
event occurring during an atrial refractory period, 

means for detmnining (B) whether a second atrial event preceding said third 
atrial event is a refractory event, 

means for deterniining.(C) %^ether an atrial event to atrial event interval (a first 
A-A interval) b^ween a first atrial event and said second atrial event is longa* than the 
tad^ mterval, and 

means for determining (D) whether an A-A interval from said second to said 
third atrial event (a second A-A interval) is a tachy interval, and 

means for infiuendng the determination of said true atrial mterval based on the 
determinations made by means for determining (A), (B\ and (C). 
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An implantable pulse generator adapted to defiver pacing pulses to the atnum 
and to sense cardiac events in the atrium and wUch maintains a variable vahie for a 
tiue atrial interval and vAich compares sud tiue atrial interval va^ 

predetenmned tachy vahie to deternune whether there is occurring On a In^^ 
\idiid it may be attadied via a lead to said atrium) a comfition of atrial tacfaya^ 

and further comprising: 

means for senang FFRWs as atrial events, 

means for d^enmning whether a first A- A interval is a tachy interval, 

means for detmnining if an immediatdy premus A- A interval is more than 2 
times the first A-A interval, and, 

means for determining whether this first A-A interval is nom^. 

An implantable pulse generator as set forth in clam 1 wherdn if detenmnation 
Afindsareftactory event and determination B and C are true, then the means for 
influendng adds the first and previous A-A interval values to be provided as a single 
A-A interval vahae to update the true atrial interval vahie. 

A pacemak^ substantially as set forth m the drawing and text. 

A program for operating an implantable pulse generator that is adapted to 
provide paces in the atrium which includes the steps: 

detmnining whether a agnal generated by a first atrial event represents a is 

pace, and, 

if a premus atrial event immefiatdy before said first atrial event was 
an atrial refractoiy event, and 

if the previous A-A interval(iiittsiiied ftoai dbnt atrial event last befiae the previous 
atrial cvaU to the iHcvkwsatfialevo^} was 
vahieand, 

if the last A-A inten^that is, the A-A interval |»eceeding the previous atrial inlenraD 

was within said predetemuned tacby value, then 

determining the troe atrial interval vahie by exciutfing consideration of the 

previous atrial event. 

Amethodassetfbrthindaim 1 wherein the process used to exchide the 
previous atrial event ignores said previous atrial event and uses the interval from an 
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atrial event that occurs immediately before sud previous atrial event to the first atrial 
event as the measure of a current A- A interval value upon which to base the 
d^ermination of a true atrial interval. 
Detailed Description of Preferred Embodiments 

First a description of the pacemaker system follows. 

Figure 2 is a block drcuit diagram illustrating one pos^le form of a 
pacemaker 10 capable of carrying out the present mvention. Akhou^ the present 
invention is described in coiijunction with a microprocessor-based architecture, it is 
understood that it could be implmented in other technology such as digital logic- 
based, custom integrated drcuit QC) architecture, analog drcuits, etc., if desired, it is 
also understood that the present inventiott may be implemented in cardioverters, 
defibrillators and the Vkt, 

Prefenred embodiments would use two leads, 14, 15. Lead 14 includes an 
electrode 24 located near iu (fistal end po^oned within the right ventricle 1 6. 
Electrode 24 is coupled by a lead conductor 1 4 through an input capacitor 26 to the 
node 28, and to the input/output tenninalsofan input/output drcuit 30. LeadlShasa 
distal dectfode positioned whUn the right atrium 17. Electrode 22 is coupled by a 
lead conductor I S through an input capadtor 75 to a node 76. and to the input/output 
terminals of the input/output drciut 30. 

Input/Output Circuit 30 contains the operatirig input and output analog circuits 
for digital controlling and timing drcuits to delect dectrical rignals derived firom the 
heart, such as the cardiac dectrogram (EGM or ECG). It also recdves output from 
sensors (not shown but ^cb m^ be connected to the leads 14 and 1 5), and it is the 
part wUch applies stimulating pulses to the heart und^ the control of software 
implemented algorithms in a NCcrocomputer Circuit 32. 

Microcomputer Circuit 32 has an Qn-Board Circuit 34 and an Off-Board 
Circuit 36. Qn-Board Circuit 34 includes a microprocessor 3S, a system clock 40, and 
on*boardRAM42andROM44. Off-Board Circuit 36 inchides an off-board - 
RAM/ROM Unit 46. Microcomputer Circuit 32 is coupled by Data Communication 
Bus 48 to a Digital ControUer/luner Circuit 50. Microcomputer Circuit 32 may be 
fabricated of custom IC devices augmemed by standard RAM/ROM components. 
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It wB be understood by those skffled in die art that the etectr^ 

iq>resented m Kgare 2 are powered by an jq)proi»iate inq>lantable-grade batteiy 

power source (not shown). 

An antenna S2 tt connected to Input/Output Circiut 30 for purposes ctf 

iq)fidc/down)ink telemetry through a radio frequenqr (RF) Transnutter/Recdver 
Circiut(RFTX/RX)^- Telemetering both analog and tfgitaldato between antrama 
52 and an external device, such as an external programmer (not shownX is 
flf^mppljfJiM in the preferred eaabodiment by means as substantiaBy described in U.S. 
Pat Na 5,127,404, issued on July 7, 1992. entitled Tclemetiy Format for Implantable 
Me^ Device-, incorporated herdn by reference. A reed switch 51 is connected to 
h^t/Outpot Orcuit 30 to enable patient foBow-up via disabling the soise amplifiw 
146 and enabling tdemetiy and programnung fimctions, as is known in the art. 

A Ciystal Oscfflator Circuit 56. typicaHy a 32,768 Hz crystal^ontroBed 
osdllator, provides main timing dock signals to Digital ControUer/Timer Orcuit 50. 
Most tinring periods dq)end on a clock to turn on or ofFunder program control, and 
aie length of tinung is generally estabUshed with reference to a number of dock qrdes. 

A VrcfiBias Circuit 58 generates a stable voh^e reference and bias currents for the 
analog drcuitsoflnput/Output Circuit 30. An ADCAtoWpIexer Circuit (ADOMUX) 
60 diptizes analog agnab and voltages to prowde tdemetry and a replacement time- 
inficadog of end^f-life fimcdon CEOL). A Powcr-on-Reset Grcuit (POR) 62 
fimciions to iiutialize the pacemaker 10 with pnigrammed vahies during powersip, and 
reset the program vahies to de&uh states upon the detectiwi of a low batteiy conditwn 
or transiently m the presence of oertahi undesirable condhions such as unacceptaUy 
dectromagnetic tntei&rence (EMI), for example. 
The operating c(»unands for controlfing the tinung of the pacemaker depicted 
in Figure 2 are couited by bus 48 to Kptd ControDeinruner CSrcuit 5^ 
digital timers set the overall escape interval of the pacemaker, as weB as various 
re&actoiy, Uaiddng and other tinui« windows for controUing the operation of the 
peripheral components withm Input/Output Circuit 50. For this invention these are 
paiticuhuly the PVAB and MAI vahies. 
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Distal ContToUer/Tiiner Circuit 50 is coupled to sense amplifiers (SENSE) 64 
and 67, and to dectrogram (EGM) amplifiers 66 and 73 for recdving amplified and 
processed signals picked up firom electrode 24 through lead 14 and capacitor 26, and 
for recdving amplified and processed signals picked up from dectrode 22 through lead 
IS and capacitor 75, representative of the dectrical activity of the patient's voitride 16 
and atrium 17, respectively. Similarly, SENSE amplifiers 64 and 67 produce sense 
evem ^gnds for re-setting the escape iiiterval timer \vhhin Circuit 50. The 
dectrogram signal devdoped by EGM aix^lifier 66 is used in those occasions when the 
implanted device is being interrogated by the external programmer/transcdver (not 
shown) m order to transmit by uplink tdemetry a representation of the analog 
dec tr ogr am of the patioifs dectrical heart activity as described in U.S. Pat. No. 
4,556,063, issued to Thompson et al., entitled "Tdemetry System for a Medical 
DeWce", incorporated herdn by reference. 

Output pulse generators 68 and 71 provide the pacing stimuli to the patient's 
heart 11 through output capadtors 74 and 77 and leads 14 and 15 in response to paced 
trigger agnals devdoped by Dt^td ControUer/rimer Circuit 50 each time the escape 
tntenod times out, or an externally transnutted padng command has been recdved, or 
in response to other stored commands as is wdl known in the padng art. 

Ina preferred enibodunent of the present invention, pacemaker 10 is capable of 
operating in various non-rate-re^nsive modes wiuch inchide DDD, DDI, WI, V(X> 
and WT, as well as correspomfing rat»-resp(Histve modes of DDDR, DDIR, WIR, 
VOORandWTEL Further, pacemaker 10 can be progranamably configured to 
opmte sudi that it varies hs rate only in refuse to one sdected sensor output, or in 
response to both sensor outputs, if desired. Many other features and fiinctions of 
pacemakers may be incorporated without going beyond the scope of this inventioa 

Some background information about maricer channds and how pacemakers 
keep infonnation regarding A-A faitervals is also required. 

Figs. 1 1 and 12 illustrate cases where &lse tachy detection has occurred, as 
shown in marker channels diagrams (illustrated as lines 81 and 82). The atrid pace, 
atrid refiractoiy, and ventricular pace events are amply indicated with AP, AR, and 
VP, respectivdy. In Fig, 11a sensed event in a post ventricular atrid refiractory period 
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(P V ARP 88) (shown here as AR) may be due to fer fidd R-waves (FFRW s), or any 
sense during the PVARP 88. (For heuristic pwposes and refeience a PVAB period 29 
isalsoshovrawithmthePVARP26inrig.ll.) In a second case (Fig. l2Xasense 
during the Atrio Ventricular (AV) inteival may be due to ventricular Rision pacipg. 
loss of atrid capture^ or aiv other atrial sense during the AV interna tha^ 
tadiy d«ection algorithm by suggesting to the AAI vahiation algorithm that the true 
atrial interval is very short 

Far fidd R-wave sensmg may occur in cases other than an AP-AR-AP rtiythm. 
It is also posa^le to grt a fidd R-wave afUx a anus rtiythm, produd^ 
ARmaricerchannd series. While in general it may be assumed that the mark^channd 
diagram of Figs. U and 12 have appropriately labded marker agnals. these may be 
incorrect, indicating that the pacemaker may respond incorrectly. 

In other pulse generators, there may be no marker channd reference but the 
device may nonethdess nusnterpret agnals. The maiker channd is used m tins 
description because it is much more eaaly read than strip charts and because it 
iJidicates how the pacemaker is interpr^g the sensed agnals it is recc^ 

heart and its environment 

Vahiation of t^ ? ' A Ar or " M AT* (a variablft stored and updated bv thc pft^gm^ff) 

The current vahie of the Average Atrial Interval is normaUy a^sted by a 
microprocessor drcuit 32 (Fig. 2) continuoudy fbUowing every atrial intervd wiuch 
ends in an mtrinac (atrid non-paced) cvem and those intervds betw^ 

paced events. 

Thee arc numerous ways to adjust the AAL These fill rato three categories. 

1) Ignoring certamhufi^dudcanliac sense events that occur during blanl^ 

2) ignwii* other incfividud events that do not qualify because of the ty^^ 
the timiiw of the agnd received, and 3) a set of methods through m^^ 
dgorithm itself used to determine and update AAI. WhUe many functions of a 
pacemaker may be dependent upon the calculation used to cvahiate such an AAI 
variable, its dearest indication is in determining wtether or not there is a tachycardia 
present. In general, AAI « F(N). Where N is a continuoudy updated vahie dq>endent 
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on d^etmination of atrial sensed events and the tuning between one atrial sensed event 
and the next. 

Thus the vahie of AAI can be shifted by ignoring certain atrial events that occur 
genmlly too close to a previous event, are of too small an amplitude^ or occur too 

S long afto* a pievious eveitf . Ontheoccurrenceofavalid Ato Aevoxtinterval, the 

value of that time period between the occurrence of first event and the second event is 
used to increase or decrease the value of AAI. This can be done directly or indirectly 
and various algorithmic fibers and Ihnitations m^ be put on thb adcCtive or subtractive 
fimction as win occur to the reader of ordinary skill in these arts. 

10 A priniaiycoiicenAofthis patent is to d^ennine a value for the appropriate A 

to A interval in order to make a judgment about vrfiether or not a tachyanbythmic 
event is occurring. For example^ in a anus tracking situation, where every atrial event 
is a sensed Ontiiii^c)event» each A-A interval would be used in adjusti^ In 
a competitive padng situation, where atrial padng is doseiy coupled to intrinsic atrial 

1 S acti>dty, the Refractory Sense-Pace interval should not be used as it may not actually 

reflect underlying intrinsic acti^nty. 

Dq}ending on the sophistication of the pacemaker or implanted pulse 
gaierath^g device, the internal reoordkeqnng of the AAI may be maintttned in several 
places and if desired several diffbrent values can be used, one br each particular 

20 purpose. 

In the presaitly preferred enobodiment, updating the AAI is a "Uased ddta** 
operation. Eadi adjustment modifies the AAI by a fixed amount. If the measured A-A 
interval used for an update of die AAI is smaller than or equal to the current AAI, the 
AAI is reduced by a fixed axnount, called "DELTADEC". Likewise, if the A-A 

25 interval used for an update of the AAI is larger than the current AAI, the AAI is 

increased by a cfifferent fixed amount, ''DELTAINC". DELTADEC and DELTAINC 
are included among the programmable values that may be selected and modified or 
manipulated by a physidaiL Such change of vahies is accomplished using the pulse 
generator's telemetry programming fiuilities, to modify certain memory locations in the 

30 device. Suditdemetry and communication is a weU-kxiown practice in the art. 
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Fcir any pvcn update; the AAI used in tbc preferred 
change by more than the DELTADEC or DELTAINC values. In the presently 
preferred implementation of the imration. DELTADEC is Uirgcr than DELTAINC. 
Tto resuhs in a rate-smoothing pattern that tracks rapidly inc^^ 

than decreasing atrial rates. 

One resuh of the step-wise mCTcmenting and decrementing of the AAI is that it 
is possible for fteAAI to overshoot the intiinac atrial rate. For example, if it is 
assumed (1 ) that a current AAI vahie is 600-fflSec (tmOiseconds); (2) that the 
programmed DELTADEC vahie is 24-mSec; (3) that the programmed DELT AIN C 
vahic is a-mSc<^ (3) that an atrial sense occurs S50-mSec foUovri^ 
fi.e., a measured atrial interval of 550-mSec). Then this win result in an updated AAI 
vahie of 576-mSec {600-24). If (4X the next intrinac atrial event occurs 560-mSec 
foDowing the one for wWdi the AAI was updated to 576-mSec the next AAI update 
would ^gainttitail decrementing the current AAI by 24-mSec- Tlus acljustment, 
however, would result in an AAI of 552, slightly smaller than the intrinsic A- A interval 
(560-mSec) just measured. If the next intrinac atrial event is in 560-4nSec from the 
last one, DELTAINC will be added to 552 yidding a new AAI of 560-mSec. 
Adjusting the AAI /MAI t o Exclude Certain Sequences 

Figs. 3 and 4 are marker channd diagrams 50 and 51, ilhistrating PVARP's 
(post ventricular atrial refractory periods) and also iBustrating atrial refractory senses 
AR. WhDe the problem of FFRW sensing confusing tachy detection algorithms can be 
seeninfigsllandl2,inthesefigs3and4itbecomesqiHteobvious. Nearly every AR 
sense is Kdden in an atrial refractory period, or also may be Mdd«i by ventricular 
fiidon pacing. It is not unless PVARP sensing is aDowed and some intelligence is 
employed to drtermine wMdi AR events to ignore and whidi to take seriou^^ 
accurate A- A mterval can be estabBshed and rdied upon Iqr the pacemaker 
Once a reasonable vahie tor the atrial interval is established a vaBd drtemnnation of 
atrial tad^canfia can be made. 
yPRWsengng 

If the device can sense FFRW*s an ahemative to avoid fidse tachy detection is 
available because some of the FFRWs can be sdectivdy rraoved from conad^ation 
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in determkmg the size of the atrial (A*A)]ittervd To do this we assume that the atrial 
lead sense amplifier is left ''on'* during the paitofthePVARP that does not overlap 
the PVAB. By determining wh^her the particular sensed event found during this time 
period should be counted or not, we can use it to adjust the pacemaker's rqiresentadon 
of value for the A-A interval, the MAI/AAI, or *1rue A-A interval." 

This particular method for dealing with FFRW*s was first developed to offer an 
advantageous mode-switching algorithm to patients with Hyp^oinc Obstructive 
CardioMyopatfay (HOCM) who also may have Paroxysmal Atrial Tacfaycardias(PATs). 
It is known that DDI>(R) padng in HOCM patients can inqnt>ve cardiac 
hemodynamics by providing ventricular padng to shorten the AV interval to less tlwn 
the natural AV conduction time. This^ it is befieved, moves the (HOCM-enlarged) 
interventricular septum out of the way of the left ventricular outflow tract in time for 
full ventricular contraction. In the patient having these conditions and large FFRW*s^ 
padng in the DDD(R) modes^ the FFKWs were hidden in atrial blanking periods, but 
when mode switched (to inlnbited modes), the pacemaker abandons atrial tracking 
(that is, following a sensed atrial event by a timed ventricular pace) and instead permits 
intrinac conduction ( that is, allowing the natural atrial rhythm to propagate into the 
ventrides, or ifno propagation, padng at the base rate or sensor rate (in -IRmodes)). 

Figs. 6a and biliustntte the tinung correspondence between a marfco-diannd 
90, and an ECG 91. Note that in the intrindc ventricular event (VSX the QRS comples 
is more narrow than after the paced event(QRS2). 
Thfi FFRW rewgpti w fllROiiflim 

In general, the preferred algorithmic response to improper mode switching 
(false tadiy detection) taught here chedcs for mathematical relattonships in toiig-short* 
long-short A-A interval sequences. It was first tested in a simulation of the Thera 

device manufactiired by Medtronic, Inc. as a sofbvare*'patc^ The patch woukl 
be initiated when the long A-A intervals in the long-short sequences are more than 
twice the length of the short A-A intervals. Using the MAI as a vahie(which in Thera 
is updated by +23ms if current A-A int^al is < or = MAI, and by -8ms if >MAI) the 
patch operation checks: (a) first to see if the current A-A is less than the MAI, then (b) 
if the A-A interval is less than 1/2 the previous A-A, and finally (c) if the previous A-A 
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mterval was long and tins one ^ ^ ^'^ intervab 

togeAer B a greater intenral than a predetenimed inl^^ 

FFRW was sensed and adds back in the 23nis to the MAL CTwoenpneering rotes are 
usefidhere. We add back fa the 23 msees that the MAI algMithmwfll otherwise take 
out. resulting in no net change m MAI. Dissimilar algorithms may not require this 
step. Second, Ae'^eternnnedimenrarmemioned previously, is preferably an 
upper rate interval phis some oflSet, like 39nis; although other similar vahies could be 
diosaifdeaied.) Testmg in snniiadonyidded good results. 

TUs led to the development of a generalized algorithm for allowing 
pacemakers to extricate themsdves from a mode switched condition when 

tachyairhythnnas cease (as described with reference to Figs. 11 - 13)asweUasa 
separate generafized algorithm to avoid &lse tachy detection (as described wth 
reference to Fig. 10). The following definitions are used. Tadqr interval = srttable or 
otherwise predetemrined time period such that shorter intervals are pathologic. 
Normal interval = settable or otherwise pred«enmned interval aze wlridi is 
phyaolopc. Short interval = the shorter of tviro sequential A-A intervals. Loi« 
interval = the longer of two sequential A-A intervals. 

Since lo^caUy it makes sense to begjn with a description of how to avoid mode 
switching, we will refer to Fig. 10 m which the generalized algorithm 40 is flow 
diagrammed. However, a heuristic orientation graph 7 of Fig. 5 is first described to 
clarify terminology used in the flow charts. Marks AO, A1,A2. and A3 represent a 
time series of atrial events. The interval between them, ir. x, and^ occur one after the 
other aioi« the same time fine 125 diat starts at some initial time «». For the flow 
jfiagrams that fiJkw. the current atrial evert being conddered by die ateorithm is Al 
wUdimiv be called flie instantaneous evert. Hk instantaneous intoval is x, the 
previous or last mteival is w and the next interval isy. 

TMs algorithm peiTiats tadiy detection when Acre is conqirtitive pacing in the 
atrium. It starts wiflitiie occurrence ofan atrial evert 41 (Al) and a determination 42 
is made ofwhetiier tins evert (Al) was a sensed or paced event Iftiiiswasnota 
pacedevert, tiie rest oftirisalgoritian does not apply and tiie flow chart goes to block 
47, tiw exit (and may then amrait the next atrial evert). 
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If it ( A 1 ) was a paced event, the algcnithm th^ checks at 43 to deten&ine if the 
previous event (AO) was an atrial re&actoiy event. If again the prognun exits. If 
it was, a&rtber check is made to d^mnine whetho* the previous atrial to atrial 
imerval(w^ is greater than the tadiymtaval, step 44. (The^tachyintovaTisalength 
of time defined either by the physidan or the pacemaker suppEer or some combination 
of both as bdng so short as to be pathological.) If it(r) was not the length of a tadiy 
interval or shorter, again the algorithm exits. If it(x) was, one final check is made to 
detennineifthelastintervaI(w)wasmfactat8chymtervaL If it was not, the program 
exits again, however if it(w) was then the fiifidd R-wsve is to be ignored in the 
determination of the true atrial interval vahie 0.e., such as AAl). 

Step 46 states that the mterval(x) is comlrined with intervalOf) to determine the 
true atrial interval vahie, meami^ that any AP-ARiiitervaltiiat readi^ step 46 O e. Al 
bdi^ the AR this sequence) should be considered by the paoentaker an ignorable 
FFRW (again, that portion ctihc secpience that is the AR event Al ) and any state 
dia^ges^ counter increments or other steps that the pacemaker has taken based on this 
FFRW dgnal should be undone. 

Thus a general statement of this algorithm fiaravdcfi^g inq)roperfarfield R 
waves to avoid mode switdnng aid filsepoativetadiy detection would be: 

IF (AP-AR interval less than Tacfay Interval), 

AND IF (AR-AP interval greater than Tachy Interval), 

THB^ Qgpore this AP-AR intoval). 

In real terms then, the AP-AR-AP sequence of two intervals is combined 
together to form one interval for updating the true atrial rate/ MAI or AAI. 

Particular examples are shown in Figs. 3 and 4. In these instances the atrial 
refractory period (PVARP) is all that changes between Figs. 3 and 4. However, if the 
atrial sense generates initiates the PVARP as in Fig. 3, then the next sense is mariced or 
considered refractory. In Fig. 4, the long PVARP is used and the P wave Ms into this 
PVARP period and the &rfield R wave appears to be a nonrefractory atrial saise. 
Sther of these conditions could occur and this algorithm described in Fig. 7 is 
designed to handle them. 
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A mentioned previously^ once the pacemaker has mode switched because of 
propCTly detected atrial tadiy evaits. the detection of firfield R waves can be used to 
get out of the mode switch conifitioa 

The flow chart at algorithm 5 3 of Fig. 9 is used to handle tins atuation. 
Starting with atrial sense 54. a first detemnnation is made whether the tnterval(x) 
defined by this sense( A2) to the last atrial sense( Al ) is less than the defined tadiy 
interval m step 55. 

If it is, then it must next be detomined if the previous atrial to atrial interval(w) 
was more than two times the current value for tiie atrial interval O e. MAI) phis an 
offiet In one preferred embodiment this of&et period is etpial to two dock cy^ 
the pacemaker's internal ckH* but it may be any usefidvabe in microsecond^^ Qf 

preferred, one can ignore or not use an ofl^) 

In step 57 tins current AA interval(x) and the previous AA intcrval(w) are 
added together and if they are greater than the defined nonnal interval, tiian the 
algorithm moves on to step 123. 

If the answer to any of the preceding inquiries (steps 55-57) was no, then the 
atrial sense(A2) is not considered relevant and the mode switched pacemaker stoys in 
mode switched operation. 

WMle the algorithm for gettmg out of mode svritched concfition is. in general, 
wen described by Fig. 8, step 123 is broken out into Figs. 9 and 10 to show alternate 
preferred enaK)dimcntmetiu)ds to accomplish step 123. In general, step 123 allows 
the program to increase tiie A- A interval vahic (like MAI) tiiat it mamtains which, if it 
occurs m large ©lough steps or often enough wifi force tiie pacemaker out of the mode 
switched condition, fnus assumes that tiie pacemaker chedcs tiie value of tiie MAI 
variable to determine its appropriate pacmg modafity). 

If Fig. 9, step 123(b) first makes a detemunation of whether tiie previous 
mlcrval(w) was conadered normal. In the pruned embodfanent a angle bit can be 
set which indicates whedier or not tiie last A-Aniterval(w) was nonnal. Inanyevent 
ifthebitwassetortiircughotfiermdicatk>nstiieprewous*uitervd isconadered 
normal, tiie next step is 62, dwil update tiie atrial interval If however we have gottoi 
flirough steps 55-57 of Fig. 8 before we reach 123(bX and tiie previous intervaKn') 
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was not detemdned to be nonnal, step 63 indicates that it should now be considered 
noimaL 

In Fig. 10, the prefenedembodimeiUappUed to the Thera device; ad(fing 
DELTAINC (23 milliseconds) to the MAI is the method of choice in increasing the 
5 pacemaker's A-A vahie(MAI) to get out of mode switching when the criteria of stq>s 

55-57 are met. 

In all of the above methodolo^es a determination of a tachyarrtiythnua problem 
occurs after or in the event of atrial padng. Thus, a simple way to handle many of the 
problems although probably not ^plicable to all patients, would be to avoid mode 
10 switclung or any antitachy ther^y wlule doing atrial padng. The algorithm described 

with reference to Fig. 9 could sdll be used to remove the pacemaker from a mode 
switch condition in such a scheme. 
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In the Ciasms: 

1 . An implantable car^ pulse generator adapted to deliver electrical 
pulses useable for padng to the atrium and having means adapted to soise cardiac 
events in the atrhim and wfaidi muntains a variable vahie 
vduc^ conq>ares said tnie atrial interval vahie agunst 
vahie to determine whether there is occurring Cm a human heart to wWc^ 
attached via a lead to said atrium) a cowfition of atrial tachyaiThythmia and fiirther 

comprising! 

means for sensmg FFRWs as atrial eventSi 

means for detemuimig (A) whether a tlurd atrial evem is a paced or re^ 

event occurring during an atrial refiactory period, 

means for deternuniiig ^) whether a second atrial evem preceding s^d 

atrial event is a refiBctory event, 

means for determimng.(C) vidiether an atrial event to atrial event interval (a first 
A. A interval) b etween a first atrial event and said second atrial event is longer than the 
techy interval, and 

means for detcnnimng (D) whether an A-A interval firom said second to said 

third atrial event (a second A-A mterval) is a tachy intwval, and 

means for influendng the determination of sdd tnie atrial interval based on 

determinations made by means for determining (AX (B), and (C). 

2. An implantable pulse genwator adapted to deliver pacing pulses to the 
atrium and to sense cardiac everts in the atrium and ^di maintans a varia^^^ 
for a true atrial interval and wWch conq)ares ssld true atrial interval vahie agunst a 
predetermined tachy vahie to determine whether there is occurring fm a human heart to 
whkii it may be attached via a lead to said atrium) a condition of atrial tachyarrhythmia 
and fiirther con^rising: 

means for sennng FFRWs as atrial events, 

means for d^eiimnuig whether a first A-A interval is a tachy interval. 

means for determiinng if an immecUately previws A-A interval is more than 2 

times the first A-A mterval, and, 
means for daermmii« whether tWs first A-A interval is normal. 
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3. An implantable i^lse generatCM' as set forth in daim I wberem 
determination A finds a refractoiy event and determination B and C are true> then the 
means for influencing adds the first and previous A-A interval vahies to be provided as 
a ai^e A-A interval value to update the true atrial interval vahie. 

4. A pacemaker substantially as set forth in the drawing and text. 

5. A program for operating an implantable pulse generator that is adq)ted 
to provide paces in the atnum whidi inchides the steps: 

determining \i^ether a signal generated by a first atrial event represents a is 
pace, and, 

if a pre^^ous atrial event immediately before said first atrial event was 
an atrial refiractory event, and 

if the previous A- A intavaI(me8SQred from that alrial event last before the praviotis 

•trial event lo the ivevious atrial «veot} was greater than a predetermined tadiy interval 
vahieand, 

if the last A-A interval(ihat is, the A-A interval ibe pRvitKB atrial interval) 

was withm said predetermined tachy vahie, then 
d^ermining the true atrial interval value by excluding consideration of the 
previous atrial event. 

6. A method as set forth in claim 1 wherein the process used to exclude 
the previous atrial event ignores said previous atrial event and uses the interval from an 
atrial event that occurs inunediately before said previous atrial event to the first atrial 
event as the measure of a current A-A interval vahie upon winch to base the 
d^ermination of a true atrial interval. 
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DE-D- 


3852687 


89-82-95 






OE-T- 


3852687 


24-68-95 






EP-A- 


8313881 


63-65-89 






EP-A- 


0596548 


11-85-94 






JP-A- 


1212571 


25-68-89 


US-A-5144949 


88-89-92 


AU-A- 
EP-A- 
WO-A- 


1586592 
8559847 
9216258 


21-18-92 
15-89-93 
81-18-92 
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